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Aim To use patterns of nestedness in the indigenous and non-indigenous biotas
of the Southern Ocean islands to determine the influence of dispersal ability on
biogeographical patterns, and the importance of accounting for variation in
dispersal ability in their subsequent interpretation, especially in the context of the
Insulantarctic and multi-regional hypotheses proposed to explain the
biogeography of these islands.
Location Southern Ocean islands.
Methods Nestedness was determined using a new metric, d1 (a modification of
discrepancy), for the indigenous and introduced seabirds, land birds, insects and
vascular plants of 26 Southern Ocean islands. To assess the possible confounding
effects of spatial autocorrelation on the results, islands were assigned to 11 major
island groups and each group was treated as a single island in a following analysis.
In addition, nestedness of the six Southern Ocean islands comprising the South
Pacific Province (New Zealand islands) was analysed. All analyses were conducted
for species and genera, for each of the taxa on its own, and for the complete data
sets.
Results Statistically significant nestedness was found in all of the taxa examined,
with nestedness declining in the order seabirds > land birds > vascular
plants > insects for the indigenous species. Vagility had a marked influence on
nestedness and the biogeographical patterns shown by the indigenous species.
This influence was borne out by additional analyses of marine taxa and small-
sized terrestrial species, both of which were more nested than the most nested
group examined here, the seabirds. Assemblages of non-indigenous species also
showed nestedness, and nestedness was generally more pronounced than in the
indigenous species. Surprisingly, vagility had a significant effect on nestedness in
these assemblages too.
Main conclusions Nestedness analyses provide a quantitative means of
comparing biogeographical patterns for groups differing in vagility. These
comparisons revealed that vagility has a considerable influence on
biogeographical patterns and should be taken into account in analyses. Here,
investigations of more vagile taxa support hypotheses for a single origin of the
Southern Ocean island biota (the Insulantarctica scenario), whilst those of less
mobile taxa support the more commonly held, multi-regional hypothesis. All
biogeographical analyses across the Southern Ocean (and elsewhere) will be
influenced by the effects of dispersal ability, with composite analyses dominated
by sedentary groups likely to favour multi-regional scenarios, and those
dominated by mobile groups favouring single origins. Mechanisms underlying
nestedness in the region range from nested physiological tolerances in more
mobile groups to colonization ability and patterns of speciation in less vagile taxa.
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INTRODUCTION
The biogeography of the Southern Ocean islands is conten-
tious (Morrone, 1998; Cox, 2001). On the one hand, it has
been suggested that all of the islands share sufficient history
(climatic and geological) and a sufficient proportion of their
biotas (due either to vicariance or dispersal) to be considered a
single biogeographical province (Holdgate, 1960; Skottsberg,
1960; Barrat & Mougin, 1974; Chown et al., 1998; Van de
Vijver & Beyens, 1999), often known as Insulantarctica
(Udvardy, 1987). The other, and perhaps more widely
accepted, multi-regional, view is that these similarities are
not large enough to warrant inclusion of the biotas within a
single biogeographical province. Proponents of the multi-
regional hypothesis argue that across the Southern Ocean
[broadly defined to include the Antarctic Polar and Antarctic
Westerly Winds Biomes of Longhurst (1998), see also Knox
(1994)], island biotas differ substantially in their origins,
histories and source areas (Gressitt, 1970; Lewis Smith, 1984;
Morrone, 1998; Bergstrom & Chown, 1999; Cox, 2001), and as
a consequence of the islands’ isolation, endemicity is high
(Gressitt, 1970; Kuschel, 1971; Chown, 1994). In combination
these factors have resulted in considerable regional differences
in the structure and composition of the biotas (Gressitt, 1970;
Kuschel & Chown, 1995; Broughton & McAdam, 2002).
Surprisingly, this debate has persisted for at least half a
century (see Brundin, 1966, 1988; Darlington, 1970), and has
shown few signs of resolution (Morrone, 1998; Cox, 2001).
With each newly published dendrogram of area affinities, the
focus has shifted from one hypothesis to the other, providing
no convincing argument why either of the ideas should enjoy
primacy. In part, this might be a consequence of the different
methods used by particular studies (e.g. clustering based on
similarity or on parsimony analysis of endemicity), and the
problems associated with them (for discussion see Myers &
Giller, 1988; Morrone & Crisci, 1995; Brooks et al., 2001;
Brooks & van Veller, 2003). However, the conflicting
perspectives might also be a consequence of the choice of taxa
(compare the area relationships presented in Wilkinson, 1990;
McInnes & Pugh, 1998; Morrone, 1998) (see also Fig. 1), and
the lack of formal comparative analyses among area dendro-
grams based on these different groups. Many of the studies that
focus on terrestrial species ignore work being undertaken on
marine taxa, and vice versa. Whilst the obvious solution to
these problems might seem to be a concerted, multitaxon
phylogeographical study (see Moritz & Faith, 1998; Moritz
et al., 2000) of the region, too few marine and terrestrial taxa
have been examined in sufficient detail for this to be done at
present (although see Bargelloni et al., 2000a,b). In addition,
such an analysis might also be subject to dominance by the
outcomes for the group for which most data are available
(e.g. there aremore species of bryophytes on these islands than of
any other major taxon). However, there are other, quantitative
methods for probing the debate, which can provide insight not
only into the reasons underlying the current dichotomy of
opinion, but also into the likely patterns that will arise on the
basis of comparative phylogeography. One of the most
potentially insightful of these methods is nestedness analysis.
A perfectly nested distribution, based on species incidences
(see Diamond, 1975; Gaston & Blackburn, 2000), is one in
which species occurring at the site of interest are always
present in a more species-rich site, whereas species absent
from the site of interest never occur in a more depauperate
one (Patterson & Atmar, 1986). Nestedness is considered
significant if species incidences are closer to the pattern
described above than would be expected by chance. Selective
extinction, colonization, and/or environmental tolerances,
and susceptibility to human disturbance can all lead to nested
distributions (Patterson, 1990; Lomolino, 1996; Worthen
et al., 1998; Fernández-Juricic, 2002; Bruun & Moen, 2003).
Recent work has not only produced a plethora of nestedness
metrics, but also a host of methods that can be used to
standardize these and compare them across different taxa
and/or groups of sites (Wright & Reeves, 1992; Wright et al.,
1998; Brualdi & Sanderson, 1999; Jonsson, 2001). In practise,
this allows for a quantitative comparison of the matrices that
lie at the heart of clustering methods (similarity or parsimony
based), so potentially providing insight into the reasons for
differences in biogeographical patterns obtained for different
taxa.
From the perspective of Southern Ocean island biogeogra-
phy, one of the most important features of nestedness analyses
is that they are usually conducted within archipelagos (e.g.
Patterson, 1990; Cook, 1995; Lomolino, 1996) or localized
patches (e.g. Cutler, 1991; Fleishman & Murphy, 1999).
Indeed, Patterson & Brown (1991) have argued that a common
biogeographical history is a prerequisite for nestedness, whilst
Cutler (1998) suggested that nestedness can only arise for areas
which share a common source pool. These prerequisites allow
several alternative predictions to be made based on the
Considerable nestedness in the non-indigenous assemblages is largely a
consequence of the fact that many of these species are European weedy species.
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Figure 1 Dendrograms, based on cluster analyses using a Bray–Curtis similarity matrix and group averaging, showing relationships among
the Southern Ocean island biotas. (a) Insects; (b) vascular plants; (c) seabirds. In (c), islands of different mean annual temperature are
indicated, illustrating the structuring of the faunas according to temperature.
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assumptions of either a multi-regional or single, Insulantarctic,
origin of the Southern Ocean island biotas.
In the Insulantarctica scenario, significant nestedness might
be expected, at least at a generic level, owing to similarities in
the source pool of colonists across the region, or to vicariance
of a once larger landmass. The latter idea has been proposed on
several occasions (Jeannel, 1964; see also Brundin, 1966, 1988),
but it is clearly incompatible with the geological history of the
region as a whole (Beggs et al., 1990; LeMasurier & Thomson,
1990; Marshall, 1994; Wallace et al., 2002). Thus a vicariant
origin of the biotas is unlikely, although vicariance origins may
be applicable to certain, smaller areas (Chown, 1994; Craig
et al., 2003). Colonization and subsequent extinction or
speciation would thus seem more plausible as causal mecha-
nisms for nestedness if it were found. Given sufficient time,
species ranges can change markedly as a consequence of
dispersal, speciation and extinction (Gaston & Chown, 1999;
Gaston, 2003). In the case of the Southern Ocean islands, long-
distance colonization events appear to be more plausible than
once thought (e.g. Valdebenito et al., 1990; Swenson &
Bremer, 1997; Wagstaff & Garnock-Jones, 1998; Greenslade
et al., 1999; Bargelloni et al., 2000a; Kennedy & Spencer, 2000;
Anderson et al., 2001; Burg & Croxall, 2001; Lockhart et al.,
2001; McDowall, 2002; Richardson et al., 2003), thus forming
a potential mechanism for nestedness if it were found.
Following colonization, speciation would reduce nestedness
at the species level, whilst extinction might be expected to
increase it (Lomolino, 1996; Cutler, 1998). However, the
ranges of higher taxonomic levels, such as genera, are likely to
remain more stable than those of species (Cutler, 1998; Wright
et al., 1998; Gaston & Chown, 1999; Ricklefs & Bermingham,
2002). Therefore, across the region, nestedness should be much
stronger at the generic than at the species level.
Alternatively, in the multi-regional scenario, differences in
endemicity, source pools and biogeographical history are likely
to mean little in the way of significant nestedness across the
Southern Ocean islands (as here defined), at either the generic
or species levels. However, within a particular archipelago,
significant nestedness should not only occur, but should also
be very much greater than that found across the region.
Although the latter predictions contrast strongly with those
for the Insulantarctica scenario, there are two caveats. First,
because one of the mechanisms underlying nestedness is
differential colonization ability, the extent of nestedness should
vary considerably with the dispersal ability of the taxon
concerned (Lomolino, 1996; Cutler, 1998). Sedentary organ-
isms are less likely to reach and colonize distant islands than
more mobile taxa (Lomolino, 1996), and are also less able to
rescue populations subject to local declines (and extinction)
(Brown & Kodric-Brown, 1977). In addition, gene flow
between relatively sedentary organisms on different islands
should be low, promoting allopatric speciation over long
periods (Chown, 1997; Brown & Lomolino, 1998; Gaston &
Chown, 1999). Therefore, organisms with poor dispersal
abilities are apt to show much less nestedness than taxa with
well-developed dispersal abilities. In the case of the Southern
Ocean island taxa for which comprehensive information on
distributions is available (Chown et al., 1998, 2001), nested-
ness might be expected to increase in likelihood as follows:
insects < vascular plants < land birds < seabirds, whilst
acknowledging that within each of these groups dispersal
ability will vary considerably (see Chown, 1997 for partial
review, and Burg & Croxall, 2001 for an elegant example).
The second caveat has to do with the origin of the biota. The
above predictions largely concern indigenous species. Because
most non-indigenous species are likely to have been introduced
directly by humans, or are likely to have colonized other parts
within an archipelago following their introduction by humans to
one or more islands (or to a source area), a different set of
expectations apply. Given the mostly European origins of the
majority of the non-indigenous species on Southern Ocean
islands (Frenot et al., 2001, 2004), it might be expected that
nestedness would be considerably higher across the Southern
Ocean islands for these species than for the indigenous ones, that
there would be little difference between the nestedness of species
and genera, and that vagility might not significantly influence
nestedness across the Southern Ocean islands, but would do so
for individual archipelagos.
To test these predictions, we have undertaken several
nestedness analyses, including investigations across all of the
Southern Ocean islands (for which data are available) at species
and genus levels, for the biota as a whole (land birds, seabirds,
insects, vascular plants), and for each of these taxa individually.
These analyses were done separately for indigenous and non-
indigenous species (there are no non-indigenous seabirds), and
were also redone for the largest of the ‘archipelagos’, the New
Zealand sub-Antarctic islands, to test predictions that nestedness
is greater at the archipelago level than across the region. Whilst
such a testmight also have been undertaken for themajor islands
and islets of the Falklands, or Kerguelen, data at this resolution
are not yet available (Chown et al., 1998).
METHODS
Data on the distribution of vascular plant, insect, land bird,
seabird and mammal species across the Southern Ocean islands
have been used in previous studies (see Chown et al., 1998,
2001), and this information was updated for the present study
following systematic changes and improved surveys (e.g. Webb
et al., 1988; Morrone, 1998; Edgar & Connor, 2000; Marris,
2000; Chown & Klok, 2001; Frenot et al., 2001; McLellan,
2001; Broughton & McAdam, 2002; Chown et al., 2002;
Delettre et al., 2003; Jones et al., 2003). In all cases, care was
taken to distinguish non-indigenous from indigenous taxa (see
Chown et al., 1998 for discussion), and vagrants (see e.g.
Burger et al., 1980), and mammals (few species) were not
included in the present analyses. The full data base is presently
being prepared for publication (electronic and hard copy –
information available from the authors). The species lists are
considered to be comprehensive for most islands, with the
possible exception of the plants and insects of Amsterdam and
St Paul Islands (Chown et al., 1998). However, these were not
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significant outliers in the assessment of species richness
patterns by Chown et al. (1998). Therefore, both islands were
retained for the purposes of this study. Islands that were
included in the analyses are West Falkland, East Falkland,
Beauchêne, South Georgia, Tristan da Cunha, Nightingale,
Inaccessible, Gough, Marion, Prince Edward, Cochons, Apô-
tres, Pinguoins, Est, Possession, Kerguelen, Heard, McDonald,
Amsterdam, St Paul, Macquarie, Snares, Auckland, Campbell,
Antipodes and Bounty Islands (Fig. 2). The final data base for
this study contained 1680 species, of which 720 were endemics
or singletons, i.e. species with single occurrences.
Because of the considerable endemicity across the region,
and its variation between taxa, standard nestedness metrics
such as C (Wright & Reeves, 1992) or T (Atmar & Patterson,
1993), could not be used. Differences between matrices in the
numbers of endemic occurrences can lead to the introduction
of bias when comparisons of these nestedness metrics are
made. This bias takes the form of an indication of often
substantial increases in nestedness, when nestedness should
actually decline (Greve & Chown, unpubl. data). To overcome
this problem, d1 was used, a modification of Brualdi &
Sanderson’s (1999) discrepancy metric (d), and calculated as
d/n, where n is the number of presences in the matrix. The
minimum value of d1 is zero for a perfectly nested matrix, and
it asymptotically approaches one as nestedness declines.
Randomizations (10,000) were used to determine the
significance of nestedness. The probability of a species
occurrence in a cell was based on the fraction of sites that
each species occupied. The underlying rationale is that in
natural assemblages some species are more widespread than
others (Gaston & Blackburn, 2000; Jonsson, 2001; Fischer &
Lindenmayer, 2002), and that the consequent uneven prob-
ability of sampling common vs. rare species should be
accounted for in null models against which the significance
of a particular nestedness score is tested (Fischer &
Lindenmayer, 2002). However, maintaining species incidences
does result in an elevated likelihood of type II error. Matrices
were considered to be significantly nested if d1 of the original
matrix fell within, or below, the 5% lowest d1 scores of the
random matrices. d1 and its significance were calculated using
custom-written software which is available from the authors
on request (see also Greve & Chown, unpubl. data). A table-
wide Bonferroni correction was applied to the tabulated d1
values (Rice, 1989). To ascertain the significance of differences
between d1 scores, Wright & Reeves’ (1992) method of
expressing differences between metrics as a standard normal
deviate was used. Owing to the tendency for d1 values to be
slightly skewed to the right (Greve & Chown, unpubl. data)
and the large number of pairwise comparisons undertaken,
differences in d1 scores were considered significant only when
Figure 2 The islands of the Southern Ocean in the context of Antarctica and the southern continents. The maritime Antarctic islands were
not included in the present analyses because they typically do not support insects and vascular plants.
Nestedness of Southern Ocean islands
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P < 0.001 (see discussion in Rice, 1989; Wright & Reeves,
1992).
d1 was calculated for all taxa (vascular plants, insects, land
and seabirds) combined, for each taxon independently, and
independently for indigenous and non-indigenous species
within each taxon. The analyses were also conducted treating
island groups as if they were single islands (henceforth ‘island
groups’ analyses). Selmi & Boulinier (2001) found that the
species richness of the Southern Ocean islands is spatially
autocorrelated and argued that spatial structure should
therefore be taken into account when studying their patterns
of variation. Hausdorf & Hennig (2003) also stressed the
importance of taking spatial autocorrelation into account in
nestedness analyses. However, no nestedness metrics exist for
discrete sites, which also consider the spatial distribution of
those sites. Therefore, the analyses were also done treating
island groups as single islands (henceforth ‘island groups’
analyses) (Table 1). Nestedness analyses were also redone for
genera, and finally, all analyses (with the exception of those for
island groups) were also repeated for the taxa of the South
Pacific Province (Lewis Smith, 1984) or New Zealand sub-
Antarctic islands (i.e. Auckland, Macquarie, Antipodes,
Bounty, Snares and Campbell Islands).
RESULTS
Indigenous species
The assemblages of indigenous vascular plant, insect, seabird,
and land bird species and genera on the Southern Ocean
islands showed significant nestedness, although Bonferroni
correction resulted in lack of statistical significance of d1 for
seabird genera (Table 2). Nestedness values (d1) differed
between the analyses based on all islands and on island groups
(Table 3), but generally both the differences between the taxa
and hierarchical levels remained similar as did significance
values. In consequence, we restrict our subsequent consider-
ations principally to nestedness values for all islands, rather
than for island groups.
Across the region, nestedness varied in the direction
predicted by vagility: insects were less nested than (<) vascular
plants < land birds < seabirds, at both the specific and generic
levels (Table 2), although the difference between the two bird
groups was not significant (the other differences were signi-
ficant at P < 0.001). Despite this variation, nestedness was
much greater for genera than for species, for each of the taxa
(with the exception of land birds), and for the assemblage as a
whole (Tables 2 & 4). In the latter case it is important to recall
that the classification of species into genera varies between
higher taxa (Avise & Johns, 1999), and this result should
therefore be interpreted with caution. Nestedness of the New
Table 1 Clusters of Southern Ocean islands constructed to
control for spatial autocorrelation in nestedness analyses of the
islands. Each island group was treated as an individual patch in
the analyses. The constituent islands are those islands used for the
main analyses
Island group Constituent islands
Falkland Islands West Falkland, East Falkland and
Beauchêne Islands
South Georgia South Georgia
Tristan da Cunha Islands Tristan da Cunha, Nightingale,
Inaccessible and Gough Islands
Prince Edward Islands Marion and Prince Edward Islands
Crozet Islands Cochons, Apôtres, Pinguoins,
Est and Possession Islands
Kerguelen Island Kerguelen Island
Amsterdam Islands Amsterdam and St Paul Islands
Macquarie Island Macquarie Island
Snares Island Snares Island
Auckland Islands Auckland and Campbell Islands
Antipodes Islands Antipodes and Bounty Islands
Table 2 Discrepancy scores (d1), and their significance levels for
the indigenous and non-indigenous species and genera of the
Southern Ocean islands, and for the New Zealand sub-Antarctic
islands (including Macquarie Island) only. Significant d1 values
indicate significant nestedness (the lower the d1 value the greater
the nestedness). Italics indicate scores that are no longer significant




d1 P d1 P
All islands
Species level
All species 0.603 0.0001 0.532 0.0001
Seabirds 0.325 0.0005 – –
Land birds 0.341 0.0001 0.333 0.013
Plants 0.577 0.0001 0.434 0.0001
Insects 0.705 0.0001 0.576 0.0001
Generic level
All genera 0.460 0.0001 0.455 0.0001
Seabirds 0.178 0.0266 – –
Land birds 0.277 0.0001 0.297 0.022
Plants 0.340 0.0001 0.332 0.0001
Insects 0.586 0.0001 0.512 0.0001
New Zealand Islands
Species level
All species 0.378 0.0001 0.186 0.0001
Seabirds 0.286 0.454 – –
Land birds 0.333 0.167 0.182 0.079
Plants 0.179 0.0001 0.066 0.0001
Insects 0.493 0.0001 0.403 0.661
Generic level
All genera 0.226 0.0001 0.199 0.0001
Seabirds 0.089 0.07 – –
Land birds 0.308 0.199 0.214 0.283
Plants 0.080 0.0001 0.073 0.0001
Insects 0.295 0.0001 0.378 0.55
M. Greve et al.
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Zealand sub-Antarctic island biotas was significantly greater
than that across all of the Southern Ocean islands for all taxa
combined, and for plants and insects, but not for the two avian
groups (Table 5). Although the absolute values of d1 were
lower for this archipelago than for the Southern Ocean islands
as a whole, differences in the nestedness of species and genera
were also significant, except in the case of the land birds.
Non-indigenous species
Nestedness was considerable and statistically significant for
most of the non-indigenous species assemblages (Table 2).
Although nestedness varied with the dispersal ability of the
taxon, this difference was only significant for plants and insects
(P < 0.001). Across the Southern Ocean islands as a whole,
nestedness was significantly greater in the non-indigenous,
species-level assemblages than in the indigenous ones, with the
exception of the land birds (Tables 2 & 6). There were no
significant differences in nestedness between indigenous and
non-indigenous assemblages at the generic level. Nestedness
did not differ among the generic and species levels for the
insects and land birds, but this was the case for the vascular
plants and for the combined taxon assemblage as a whole
(Table 4). In the case of the New Zealand sub-Antarctic
islands, there were no significant differences in nestedness
between genera and species, or between assemblages of
indigenous and non-indigenous species, except in the case of
the species-level assemblage as a whole (Tables 4 & 6).
DISCUSSION
Indigenous species
Although the values of d1 found for the indigenous species
assemblages were generally higher than those of a range of
assemblages that are considered highly and significantly nested
[determined by comparing values of d1 here with those
calculated for the assemblages provided by Atmar & Patterson
(1993), see also Patterson (1990) and Wright & Reeves (1992)
for analyses of oceanic island groups], nestedness was
statistically significant for all of the analyses. This outcome
might have been the consequence of high nestedness in a few of
the island-rich archipelagos: in other words, an artefact of
Table 3 Discrepancy scores (d1), and their significance levels for
the indigenous and non-indigenous species and genera of the
Southern Ocean island groups. This analysis treated archipelagos
as single islands to examine the effects of spatial autocorrelation
on the outcome of the nestedness analyses. Significant d1 values
indicate significant nestedness (the lower the d1 value the
greater the nestedness). Italics indicate scores that are no longer




d1 P d1 P
Species level
All species 0.585 0.0001 0.484 0.0001
Seabirds 0.310 0.113 – –
Land birds 0.475 0.0001 0.345 0.0226
Plants 0.529 0.0001 0.429 0.0001
Insects 0.699 0.0001 0.480 0.0001
Generic level
All genera 0.419 0.0001 0.415 0.0001
Seabirds 0.135 0.107 – –
Land birds 0.446 0.0004 0.308 0.041
Plants 0.314 0.0001 0.321 0.0001
Insects 0.551 0.0001 0.420 0.0001
Table 4 Differences in discrepancy (d1) between analyses
undertaken at the species and genus levels for all of the Southern
Ocean islands and for the New Zealand sub-Antarctic islands
(including Macquarie Island). Significance was calculated follow-
ing Wright & Reeves (1992). ns, non-significant
Indigenous taxa Non-indigenous taxa
Difference P Difference P
All islands
Species and genera
All taxa 0.143 0.001 0.077 0.001
Seabirds 0.147 0.001 – –
Land birds 0.064 ns 0.036 ns
Plants 0.237 0.001 0.102 0.001
Insects 0.119 0.001 0.064 ns
New Zealand islands
Species and genera
All taxa 0.152 0.001 )0.013 ns
Seabirds 0.197 0.001 – –
Land birds 0.025 ns )0.032 ns
Plants 0.099 0.001 )0.007 ns
Insects 0.198 0.001 0.025 ns
Table 5 Differences in discrepancy (d1) between analyses
undertaken for all of the Southern Ocean islands and for the
New Zealand sub-Antarctic islands (including Macquarie Island)
only. Significance was calculated following Wright & Reeves
(1992). ns, non-significant
Species level Generic level
Difference P Difference P
Indigenous taxa
All 0.225 0.001 0.234 0.001
Seabirds 0.039 ns 0.089 ns
Land birds 0.008 ns )0.031 ns
Plants 0.398 0.001 0.260 0.001
Insects 0.212 0.001 0.291 0.001
Non-indigenous taxa
All 0.346 0.001 0.256 0.001
Land birds 0.151 ns 0.083 ns
Plants 0.368 0.001 0.259 0.001
Insects 0.173 0.001 0.134 ns
Nestedness of Southern Ocean islands
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patterns of spatial autocorrelation in the region (see Selmi &
Boulinier, 2001; Hausdorf & Hennig, 2003). However, the
island group analyses gave similar results to the full analyses,
suggesting that the latter are not substantially biased in this
way. Therefore, it appears that patterns of nestedness provide
support for the Insulantarctica hypothesis (Holdgate, 1960;
Skottsberg, 1960; Udvardy, 1987; and Introduction). None-
theless, there were also significant differences in nestedness
between the analyses conducted for the New Zealand sub-
Antarctic islands and for the Southern Ocean islands as a
whole. These differences suggest that patterns of local colon-
ization from continents closest to the island groups also play a
significant role in determining biogeographical patterns across
the Southern Ocean islands, as has previously been suggested
(Morrone, 1998; Cox, 2001).
This outcome is not entirely surprising given that Southern
Ocean biogeography has long been contentious (Morrone,
1998; Cox, 2001). Gressitt (1970) drew attention to these
complexities, noting that ‘It is difficult to draw succinct
deductions or expound theories regarding an assemblage of
faunules like those which are involved here’. Our nestedness
analysis based on division of the assemblages into taxa
differing in vagility provides insight into the likely origin of
this debate. Highly mobile taxa, such as seabirds, that, at least
in some instances, have demonstrably panmictic populations
in the region (Burg & Croxall, 2001), show considerable
nestedness. By contrast, less mobile taxa, such as the insects,
are hardly nested at all when compared with both the seabirds
and to assemblages from elsewhere (see Atmar & Patterson,
1993; Wright et al., 1998). In consequence, distribution
patterns shown by groups with poor dispersal ability, such as
weevils (Morrone, 1998), are dominated by the influence of
regional source pools (i.e. continental areas and large islands
located close to particular archipelagos), thus providing
support for a multi-regional hypothesis, whilst the distribution
patterns of more mobile taxa are less subject to this constraint
(Barrat & Mougin, 1974) (Fig. 1).
Further support for this idea comes from two other sources.
First, although marine taxa vary considerably in their dispersal
ability (Jablonski & Lutz, 1983; Jablonski & Roy, 2003), they are
generally thought to be capable of dispersal over larger areas than
is the case for many terrestrial taxa (Stanley, 1979; Jablonski &
Lutz, 1983; Chown, 1997). If this is also true of Southern Ocean
marine groups, it might be expected that their biogeographical
relationships would be less clearly multi-regional than those of
terrestrial taxa, and that nestednesswould consequently bemuch
higher in marine than in terrestrial assemblages. Much of the
literature on the biogeography of marine groups suggests that
the fauna is more clearly separated according to their thermal
preferences than regional origin (Branch, 1994; Knox, 1994;
Razouls et al., 2000; Sicinski & Gillet, 2002). This is true also of
the highly pelagic seabirds (Fig. 1c). Whilst more thorough
surveys of marine benthic and pelagic fish and invertebrate taxa
might alter this situation (de Broyer et al., 2003), recent
intensive explorations have revealed biogeographical patterns
dominated by a temperature rather than by a regional signal
(Brandt et al., 1999; Gorny, 1999; Barnes &DeGrave, 2001; Selje
et al., 2004). Likewise, nestedness ofmarine groups appears to be
high. For example, in the case of the polychaete data provided by
Branch (1994), nestedness (d1 ¼ 0.196, P < 0.0001) was
significantly higher [P < 0.001, based on the z-score test of
Wright & Reeves (1992)] than that of themost nested group, the
seabirds, examined in this study.
The second line of evidence supporting the importance of
dispersal in determining the historical biogeography of the
region comes from small, terrestrial taxa. It has been suggested
that small organisms are much more likely to be panmictic
than larger ones (Fenchel, 1993; Finlay et al., 1996; Finlay &
Clarke, 1999; but see also Wilkinson, 2001), and in conse-
quence that speciation is likely to be less common and taxa
more widely distributed. McInnes & Pugh’s (1998) analysis of
the biogeography of the Antarctic and Southern Ocean island
tardigrades showed little in the way of support for a multi-
regional hypothesis, but rather indicated subdivision of areas
according to climate. Moreover, another small-sized, freshwa-
ter/terrestrial group, the testate amoebae, are highly nested
(d1 ¼ 0.239, P < 0.0001, data from Wilkinson, 1990), and
marginally more so than the seabirds [0.01 < P < 0.05, based
on the z-score test of Wright & Reeves (1992), which has to be
assessed conservatively].
The patterns of nestedness found in this study also provide
insight into their likely mechanisms. At least in the case of the
land birds, it seems that their presence on only a few islands,
and the dominance of many islands by a single taxon (the
Lesser Sheathbill, Chionis minor Hartlaub) has strongly
influenced both the patterns of nestedness and their sig-
nificance (Fig. 3). However, in the other taxa this is not the
case. The oceanic (volcanic) origin of many of the islands
(LeMasurier & Thomson, 1990), and the demonstration of
Table 6 Differences in discrepancy (d1) between analyses under-
taken for the indigenous and exotic species, and genera, for all of the
Southern Ocean islands and for the New Zealand sub-Antarctic
islands (including Macquarie Island). Significance was calculated
following Wright & Reeves (1992). ns, non-significant
Species Genus
Difference P Difference P
All islands
Indigenous vs. non-indigenous
All 0.071 0.001 0.005 ns
Land birds 0.008 ns )0.020 ns
Plants 0.143 0.001 0.008 ns
Insects 0.129 0.001 0.074 ns
New Zealand islands
Indigenous vs. non-indigenous
All 0.192 0.001 0.027 ns
Land birds 0.151 ns 0.094 ns
Plants 0.113 ns 0.007 ns
Insects 0.090 ns )0.083 ns
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substantial dispersal across the region (see Introduction),
certainly argue in favour of the importance of colonization (see
also Cook & Quinn, 1995), as does the preponderance of
unexpected presences over unexpected absences (Fig. 4). By
contrast, substantial differences between nestedness at the
generic and species levels suggest that speciation has been
important in lowering nestedness both across all of the
Southern Ocean islands and on specific archipelagos. In some
taxa it is clear that there has been considerable speciation (e.g.
Holdgate, 1960; Kuschel, 1971; Croxall, 1984; Kuschel &
Chown, 1995; Nunn et al., 1996), but again this varies among
higher taxa, and within them (e.g. Burg & Croxall, 2001). To
what extent this speciation reflects repeated colonization
(Wagstaff & Garnock-Jones, 1998; Richardson et al., 2003),
vs. inter-island speciation (Chown, 1994) has not been
extensively assessed.
The role of extinction, which is generally thought to be an
important process giving rise to nestedness in other assem-
blages (Lomolino, 1996; Cutler, 1998), is not clear. Obvi-
ously, relaxation from occurrences across a once extended
landmass or set of continental islands did not take place. The
geological evidence simply does not support such an hypo-
thesis, and even in the case of the Falkland Islands, the biota
is largely South American, rather than African (see also
McDowall, 2002). However, the extent of extinction on the
Southern Ocean islands is very poorly known. At least some
beetle groups have been present since the last glacial
maximum (Coope, 1945), and indeed, based on molecular
data seem likely to have survived on some of the islands since
their colonization shortly after they emerged from the sea.
For example, molecular clock data suggest that Ectemnorhinus
weevil species colonized the Prince Edward Islands 0.43 Ma
(G. Grobler, unpubl. data), only 70 ka after their emergence
(McDougall et al., 2001). By contrast, there certainly has been
turnover (and possibly extinction) of both plants (Scott &
Hall, 1983; Philippe et al., 1998) and birds (Olson &
Jouventin, 1996) on the islands. Nonetheless, the paucity of
unexpected absences relative to unexpected presences suggests
that extinction processes have been less important than others
in generating nestedness in these assemblages (Conroy et al.,
1999).
In taxa with a highly developed capacity for dispersal, or in
those that are favoured by dispersal owing to their life histories
and habitats (e.g. marine planktotrophic groups), it might be
expected that mechanisms other than dispersal and extinction
would be most significant in generating nestedness. These
could include nested habitat requirements (Cutler, 1991, 1998)
and/or nested physiological tolerances (Worthen et al., 1998).
Given that Southern Ocean marine taxa are regularly grouped
by temperature zone in biogeographical analyses (see above),
Figure 3 Presence–absence matrix of the indigenous land bird species of 26 Southern Ocean islands. Islands are in rows and species
are in columns. The first three rows in the matrix represent East and West Falkland, and Beauchêne Island, while the first and second
columns show the species occurrences of Chionis minor Hartlaub and Anas eatoni (Sharpe), respectively. Bounty Island is not displayed in
the matrix because it supports no indigenous land birds.
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Figure 4 Presence–absence matrix of the indigenous seabird species of 26 Southern Ocean islands. Islands are in rows and species
are in columns.
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nested physiological tolerances are likely to be significant in
these groups, and possibly also in highly mobile terrestrial taxa.
Unfortunately, insufficient data are presently available to test
these hypotheses (see Lomolino, 1996 for a demonstration of
how this might be done). However, the nestedness patterns we
found here certainly support this idea.
Non-indigenous species
In the case of the land birds, lack of significance of nestedness,
and small data sets often compromised comparisons between
indigenous and non-indigenous species, and therefore the
results for this taxon will not be examined in any detail. In the
vascular plants and insects, nestedness of the non-indigenous
species was significantly greater than that of the indigenous
ones. Moreover, although differences between nestedness at
the generic and species levels were significant in the case of the
plants (and the biota as a whole), these differences were
generally half as large as those found in the case of the
indigenous taxa. Taken together, these results suggest that the
same species tend to be transported to the Southern Ocean
islands (see also Frenot et al., 2001, 2004), and that there is
little regional pattern to this transport (genera and species tend
to have similar nestedness). As might be expected, these
patterns are particularly strong in the case of a single group of
islands, such as the New Zealand sub-Antarctic islands, where
the nestedness differences between species and genera in the
non-indigenous taxa are less than a third of those found for the
indigenous ones.
Nonetheless, there are several subtleties to these patterns,
the most significant of which is the apparent influence of
dispersal ability on nestedness of non-indigenous species,
contrary to our expectations. One reason for this difference
might be the fact that the same species of plants tend to be
introduced across the Southern Ocean islands, whilst non-
indigenous insects tend to be more regional in their origins.
For example, the most widespread introduced vascular plant
species across the islands are the grass Poa annua L. and the
forb Stellaria media (L.), which are found on 22 of the 26
islands examined, whereas the most widespread introduced
insects are the flies Fannia canicularis (L.) (12 of 26 islands)
and Psychoda parthenogenetica Tonnoir (10 of 26 islands).
Indeed, it is widely appreciated that many of the non-
indigenous plant species in the sub-Antarctic have European
origins and are thus well-suited to the cold and wet climate
of the Southern Ocean islands (Meurk, 1977; Frenot et al.,
2001, 2004). However, it should be noted that, to date,
careful assessments of the provenance of the insects intro-
duced to the Southern Ocean islands have yet to be
undertaken. Such assessments, as well as those of taxonomic
bias in the likelihood of introduction (e.g. Pyšek, 1998;
Lockwood, 1999) tend to be more difficult for insects than
for plant and vertebrate taxa, largely because of the diversity
of the insects (Vázquez & Simberloff, 2001). Nonetheless,
the Southern Ocean islands constitute one region where they
could more easily be made, and they are currently underway
(S.L. Chown, unpubl. data).
In conclusion, we note that whilst the importance of
dispersal in ecology has never been disputed, its significance
in historical biogeography has been the subject of a long-
standing debate (see review in Myers & Giller, 1988;
McDowall, 2002). Our analyses, and mounting evidence of
the importance of dispersal in the region and elsewhere,
suggest that it cannot be ignored as a significant process
affecting biogeographical patterns, and consequently the
ways in which they are interpreted (see also Gaston &
Chown, 1999; Hubbell, 2001; McDowall, 2002; Craig et al.,
2003; Losos & Glor, 2003). Whilst early vicariance may well
have set the board in the Southern Ocean (Gressitt, 1965,
1970; Cheshire et al., 1995; McDowall, 2002), the later game
has clearly been one of dispersal. Further molecular phylo-
geographical work, interpreted in the context of the region’s
geology, will no doubt reveal the complexity of its past and
more recent moves. However, composite biogeographical
analyses, be they based on phylogeographical patterns or
other ways of ascertaining area relationships, will always be
affected by the dispersal ability of the predominant group.
Nestedness analyses offer a potentially useful way of
assessing these effects.
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